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$%675$&7 7KLV SDSHU GHDOV ZLWK WKH GHYHORSPHQW RI D PRGHO IRU FRQFUHWH VXEMHFWHG WR
G\QDPLF ORDGV 6KRFN ZDYHV DUH JHQHUDWHG E\ 3XOVHG $UF (OHFWURK\GUDXOLF 'LVFKDUJHV
3$('LQZDWHUDQGDSSOLHGWRPRUWDUVDPSOHV$GLSKDVLFPRGHOOLTXLGZDWHUDQGYDSRXU
LV LPSOHPHQWHG LQ RUGHU WR GHVFULEH WKH HOHFWULFDO GLVFKDUJH DQG WKH SURSDJDWLRQ RI VKRFN
ZDYHV LQZDWHU$QDQLVRWURSLFGDPDJHPRGHO LVGHYLVHGZKLFK WDNHVDFFRXQWRI WKH VWUDLQ
UDWH HIIHFW DQG WKH FUDFN FORVXUH HIIHFW &RXSOLQJ EHWZHHQ DQLVRWURSLF GDPDJH DQG
SHUPHDELOLW\ LV SURSRVHG LQ RUGHU WR DVVHVV WKH YDULDWLRQ RI PDWHULDO SHUPHDELOLW\ GXH WR
VKRFN ZDYHV &RPSDULVRQV ZLWK H[SHULPHQWV VKRZ D JRRG FRUUHODWLRQ EHWZHHQ WKH
H[SHULPHQWDODQGWKHQXPHULFDOUHVXOWV
5e680e. &HWWH pWXGH SRUWH VXU GpYHORSSHPHQW G¶XQPRGqOH GX EpWRQ VRXV FKDUJHPHQW
G\QDPLTXH UDSLGH/H FKDUJHPHQW G\QDPLTXH HVW JpQpUpSDUGHVRQGHVGH FKRFVGXHVj OD
GpFKDUJHpOHFWURK\GUDXOLTXHG¶XQDUF 3$('VRXV O¶HDX8QPRGqOHDFWXHOGLSKDVLTXHHVW
TXDOLILpHWXWLOLVpSRXUVLPXOHUODGpFKDUJHpOHFWULTXHHWODSURSDJDWLRQGHVRQGHVGDQVO¶HDX
8QPRGqOHG¶HQGRPPDJHPHQWDQLVRWURSHHVWGpYHORSSpTXLSUHQGHQFRPSWHO¶HIIHWGHYLWHVVH
GH ODGpIRUPDWLRQHWODUHIHUPHWXUHGHV ILVVXUHV8QFRXSODJHHQWUH O¶HQGRPPDJHPHQWHW OD
SHUPpDELOLWp DQLVRWURSLTXH HVW SURSRVp $SUqV OD FRPSDUDLVRQ DYHF O¶H[SpULPHQWDWLRQ XQH
ERQQHFRUUpODWLRQHVWREVHUYpHHQWUHOHVUpVXOWDWVH[SpULPHQWDX[HWQXPpULTXHV
.(<:25'6PLFURVWUXFWXUHSHUPHDELOLW\GDPDJHFUDFNLQJPRUWDU
0276&/e6PLFURVWUXFWXUHSHUPpDELOLWpHQGRPPDJHPHQWILVVXUDWLRQPRUWLHU
1
,QWURGXFWLRQ
7KHPHFKDQLFDO EHKDYLRXU RI TXDVLEULWWOH PDWHULDOV OLNH PRUWDU GHSHQGV TXLWH
VWURQJO\RQWKHUDWHRIORDGLQJ$EUDPV%LUNLPHUHWDO7KHHYROXWLRQ
RI PLFURVWUXFWXUH GXH WR VXFK PHFKDQLFDO ORDGV PD\ EH FKDUDFWHUL]HG E\ WKH
YDULDWLRQ RI SHUPHDELOLW\ DQG WKH YDULDWLRQ RI VWLIIQHVV PDWHULDO GDPDJH 7KH
UHODWLRQVKLSEHWZHHQVWDWLFDSSOLHGORDGVWKHPDWHULDOSHUPHDELOLW\DQGGDPDJHKDV
EHHQ LQYHVWLJDWHG LQ WKH SDVW E\ WKHRUHWLFDO DQG H[SHULPHQWDO VWXGLHV .HUPDQL
+HDUQHWDO&KRLQVNDHWDO7KHUDWHRI ORDGLQJHIIHFWRQ WKH
PLFURVWUXFWXUH DQG PDWHULDO GDPDJH LQ FRQQHFWLRQ ZLWK WKHPDWHULDO SHUPHDELOLW\
UHPDLQVKRZHYHUWREHLQYHVWLJDWHG0LFURFUDFNVJHQHUDWHGE\G\QDPLFORDGVDUH
PRUHGLVWULEXWHGOHVVORFDOL]HGFRPSDUHGWRVWDWLFV&DRHWDOD&DRHWDO
E*LYHQDORDGOHYHOWKHYDULDWLRQRISHUPHDELOLW\LVH[SHFWHGWREHGLIIHUHQW
LQVWDWLFVDQGLQG\QDPLFV7KHSXUSRVHRIWKHSUHVHQWVWXG\LVWRIRFXVRQDVSHFLILF
W\SH RI G\QDPLF ORDGV DQG WR GLVFXVV QXPHULFDO PRGHOV IRU WKH GHVFULSWLRQ RI
GDPDJHDQGSHUPHDELOLW\
,QWKLVVWXG\WKHG\QDPLFORDGLVDFRPSUHVVLYHVKRFNZDYHZLWKDQDPSOLWXGH
WKDWLVJHQHUDWHGE\3XOVHG$UF(OHFWURK\GUDXOLF'LVFKDUJHV3$('7RX\DHWDO
 7KH ZDYH LV JHQHUDWHG LQWR ZDWHU DQG WKHQ WUDQVPLWWHG WR WKH LPPHUVHG
VSHFLPHQGLDPHWHUPPKHLJKWPP,WLVFKDUDFWHULVHGE\LWVDPSOLWXGHLQ
ZDWHU$QH[SHULPHQWDOSURJUDP0DXUHOHWDOKDVDOUHDG\EHHQFRQGXFWHGLQ
RUGHUWRFRUUHODWHWKHHYROXWLRQRIFUDFNLQJDQGGDPDJHGXHWRG\QDPLFORDGVZLWK
WKHLQWULQVLFSHUPHDELOLW\RIWKHPDWHULDODQGZLWKLWVPLFURVWUXFWXUH([SHULPHQWDO
UHVXOWVDUHUHFDOOHGLQWKH6HFWLRQ
7KHQ WKH ZKROH H[SHULPHQWDO SURFHVV LV VLPXODWHG XVLQJ D ' ILQLWH HOHPHQW
FDOFXODWLRQ ZLWK WKH (XURSOH[XV FRGH $ G\VSKDVLF PRGHO LV XVHG WR GHVFULEH WKH
HOHFWULFGLVFKDUJHDQGWKHSURSDJDWLRQRIWKHSUHVVXUHZDYHVDFFRUGLQJWRVLPSOLILHG
DVVXPSWLRQV ,Q WKLVPRGHOZDWHUDQGYDSRXUDUH IROGHG LQWRD VLQJOHPL[WXUHDQG
HQHUJ\ LV UHOHDVHG LQWR D VPDOO UHJLRQ RI OLTXLG ZDWHU DFFRUGLQJ WR D WLPH KLVWRU\
ZKLFK LV VSHFLILHGE\ WKHH[SHULPHQWDO FRQGLWLRQV7KH LQWHUIDFHEHWZHHQ WKH IOXLG
DQGVROLGPHVKHVLVPRGHOOHGE\WKH)6$DOJRULWKP)OXLG6WUXFWXUH$/(ZKLFKLV
EDVHG XSRQ WKH K\SRWKHVLV RI QRGDO FRQIRUPLW\ RI WKH IOXLG DQG VWUXFWXUH PHVKHV
DORQJWKHLULQWHUIDFH&DVDGHLHWDO&DVDGHL
6HYHUDOUDWHGHSHQGHQWGDPDJHPRGHOVKDYHEHHQSURSRVHGLQRUGHUWRGHVFULEH
WKHVWUDLQUDWHGHSHQGHQWEHKDYLRXURIFRQFUHWHVXEMHFWHGWRKLJKG\QDPLFORDGLQJV
3HGHUVHQ HW DO  DQG *DWXLQJW DQG 3LMDXGLHU&DERW  GHYLVHG YLVFR
SODVWLFGDPDJHPRGHOV IRU WKLVSXUSRVH7KHVH LVRWURSLFGDPDJHEDVHGPRGHOVGLG
QRWDFFRXQW IRUWKHFUDFNFORVXUHHIIHFW'XEpHWDO SURSRVHGDFRQVWLWXWLYH
UHODWLRQ ZKLFK LQFOXGHV WKH HIIHFW RI FUDFN FORVXUH EXW VWLOO UHO\ RQ DQ LVRWURSLF
GHVFULSWLRQRIGDPDJH$QLVRWURSLFGDPDJHPRGHOVDUHDOVRDYDLODEOH7KHSUHVHQW
ZRUNVWDUWVIURPWKHPRGHOGHYHORSHGE\'HVPRUDWHWDOLQZKLFKGDPDJHLV
RUWKRWURSLFZLWK WKUHHSULQFLSDOGLUHFWLRQVDQG WKUHHSULQFLSDOYDOXHVRIGDPDJH LQ
WKLV FRRUGLQDWH V\VWHP ' ' ' &KDPEDUW PRGLILHG WKH PRGHO  DQG
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LQWURGXFHG DGGLWLRQDO SDUDPHWHUV LQ RUGHU WR PRGHO WKH HYROXWLRQ RI WKH G\QDPLF
VWUHQJWK DQG WKH VWUDLQ UDWH GHSHQGHQW SURSHUWLHV RI FRQFUHWH 'XH WR WKH UDWH
GHSHQGHQWHIIHFW IDLOXUHGXH WR ORFDOL]DWLRQRIVWUDLQDQGGDPDJH LVGHVFULEHG LQD
FRQVLVWHQW WKHRUHWLFDOZD\ EXW WKH IUDFWXUH SDUDPHWHUV KRZHYHU DUH FRQWUROOHGE\
WKHUDWHGHSHQGHQWSURSHUWLHVVROHO\DQGWKLVPD\SURYLGHVRPHELDVRQWKHIUDFWXUH
HQHUJ\ LQ VWDWLFV HVSHFLDOO\ ,Q WKH SUHVHQW SDSHU DQ DGGLWLRQDO UHJXODUL]DWLRQ
VFKHPHEDVHGXSRQWKHYDULDWLRQRIIUDFWXUHHQHUJ\ZLWKHOHPHQWVL]HLVLQWURGXFHG
LQRUGHUWRUHFRYHUFRUUHFWIUDFWXUHSURSHUWLHVLQVWDWLFVLQGHSHQGHQWO\IURPDQ\UDWH
HIIHFW7KHQHZFRQVWLWXWLYHPRGHOGHVFULEHVDQLVRWURSLFFUDFNLQJDQGGDPDJH WKH
FUDFNFORVXUHHIIHFWVWUDLQUDWHHIIHFWVDQGWKHYDULDWLRQRIIUDFWXUHHQHUJ\ZLWKPHVK
HOHPHQWVL]H ,QDGGLWLRQDSHUPHDELOLW\ WHQVRU LVGHULYHGIURPWKHGDPDJH WHQVRU
DQG WKH PHFKDQLFDO PRGHO LV FRXSOHG ZLWK D PDVV WUDQVSRUW PRGHO LH D VLPSOH
'DUF\ OLNH GHVFULSWLRQ RI IOXLG IORZ LQ GDPDJHG FRQFUHWH 6HFWLRQ  GLVFXVVHV WKH
QXPHULFDOPRGHODQGFRPSDULVRQVZLWKH[SHULPHQWDOGDWDDUHSURYLGHGLQ6HFWLRQ
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)LJXUH([SHULPHQWDOVHWXSIRU3$('RQPRUWDUVDPSOHV
'HVFULSWLRQRIWKHH[SHULPHQWDOSURJUDP
7KH3$('PHWKRG 3XOVHG$UF(OHFWURK\GUDXOLF'LVFKDUJHV KDV EHHQXVHG WR
JHQHUDWH G\QDPLF XQGHUZDWHU VKRFN ZDYHV LPSDFWLQJ PRUWDU VDPSOHV )LJXUH
7KH GHWDLOV RI WKLV PHWKRG DQG WKH H[SHULPHQWDO GHYLFH KDYH EHHQ GLVFXVVHG LQ
7RX\D 7RX\DHW DO  DQG0DXUHOHW DO +HQFHZHZLOO RQO\
SURYLGHDVKRUWRYHUYLHZRIWKHH[SHULPHQWDOVHWXSKHUH
,QWKLVH[SHULPHQWDOSURJUDPWKHSUHVVXUHFRPSUHVVLRQZDYHLVJHQHUDWHGE\3$('
LQZDWHUDQGWKHQWUDQVPLWWHGRQRQHIDFHRIDF\OLQGULFDOPRUWDUVSHFLPHQ7KHZDYH
SURSDJDWHVLQWKHVSHFLPHQDQGJHQHUDWHVPLFURFUDFNLQJDQGGDPDJHGXHWRH[WHQVLRQV
LQGXFHGE\WKH3RLVVRQHIIHFW7KXVPRUWDUF\OLQGHUVDUHVXEMHFWHGWRG\QDPLFORDGV
RIYDULRXVDPSOLWXGHVSURSDJDWLQJDORQJWKHLUSULQFLSDOORQJLWXGLQDOD[LV
3
0RUWDUFRPSRVLWLRQDQGVSHFLPHQFKDUDFWHULVDWLRQ
7KH PRUWDU ZDV PDGH ZLWK D PD[LPDO JUDLQ VL]H RI  PP DQG ZLWK D ZDWHU
FHPHQW UDWLRHTXDO WR$YHUDJHPHFKDQLFDOSURSHUWLHVRIPRUWDUDUHGHWDLOHG LQ
WDEOH &\OLQGULFDO WHVW VSHFLPHQV GLDPHWHU PPKHLJKW PP KDYHEHHQ
FDVW LQ SODVWLF PRXOGV 7KH FKDUDFWHULVWLFV RI PRUWDU ZHUH REWDLQHG IURP
FRPSUHVVLRQDQGVSOLWWLQJWHVWVRQVL[VSHFLPHQVRIWKHVDPHVL]H7KHSXUHWHQVLOH
VWUHQJWKLVVXSSRVHGWREHORZHUWKDWWKHYDOXHREWDLQHGIURPVSOLWWLQJWHVWV
7DEOH$YHUDJHPHFKDQLFDOSURSHUWLHVRIPRUWDU
IF03D IW03D (F03D .YP
   
0HDVXUHPHQWRISHUPHDELOLW\WRQLWURJHQ
7KH PHDVXUHPHQW RI SHUPHDELOLW\ ZDV FDUULHG RXW RQ F\OLQGULFDO VSHFLPHQV
PP GLDPHWHU DQG  PP KHLJKW VDZQ IURP WHVWHG PRUWDU F\OLQGHUV 7KH
DSSDUHQWSHUPHDELOLW\RIWKHVSHFLPHQWRQLWURJHQZDVPHDVXUHGLQWKHGLUHFWLRQRIWKH
DSSOLHGFRPSUHVVLYHZDYHVE\ LPSRVLQJGLIIHUHQWSUHVVXUHVJUDGLHQWRQ WKHIDFHVRI
WKH F\OLQGULFDO VSHFLPHQV DQG E\ PHDVXULQJ WKH UHVXOWLQJ IOXLG IORZ 7KH LQWULQVLF
SHUPHDELOLW\RIWKHVSHFLPHQVZDVREWDLQHGDFFRUGLQJWRWKH.OLQNHQEHUJPRGHO7KH
LQLWLDOSHUPHDELOLW\RIWKHPDWHULDODYHUDJHGRYHUVSHFLPHQV LVPZKLFK LV
XVHGDVUHIHUHQFHLQIRUWKFRPLQJUHVXOWVWRGHILQHWKHLQLWLDOVWDWHRIPLFURVWUXFWXUH
7KH HYROXWLRQ RI GDPDJH LQ WKH VSHFLPHQ LV FKDUDFWHUL]HG E\ WKH YDULDWLRQ RI
SHUPHDELOLW\PHDVXUHGDIWHUWKHG\QDPLFORDGLQJ
7HVWUHVXOWV
7ZR WHVW VHULHV KDYH EHHQ FDUULHG RXW LQ RUGHU WR REVHUYH WKH LQIOXHQFH RI WKH
SUHVVXUH OHYHO DQGRI WKHQXPEHURI VKRFNZDYHV DSSOLHG WR WKH VSHFLPHQV ,Q WKH
ILUVW VHULHV PRUWDU VSHFLPHQV KDYH EHHQ VXEMHFWHG WR D VLQJOH VKRFN ZDYH ZLWK D
YDULDEOH SUHVVXUH DPSOLWXGH 7KH YDULDWLRQV RI PHDVXUHG SHUPHDELOLW\ ZLWK SHDN
SUHVVXUHDUHSORWWHGLQ)LJXUHD,QWKHVHFRQGRQHWKHDPSOLWXGHRIWKHVKRFNZDYH
ZDVNHSWFRQVWDQW 03DDQGVHYHUDOGLIIHUHQWQXPEHUVRIDSSOLHGZDYHVZHUH
FRQVLGHUHG7KHHYROXWLRQRIWKHSHUPHDELOLW\ZLWKWKHQXPEHURIVKRFNVLVSORWWHG
LQ)LJXUHE
;UD\ WRPRJUDSK\ &7 VFDQV PLFURVFDQ DQG 0HUFXU\ LQWUXVLRQ SRURVLPHWU\
0,3KDYHEHHQXVHGLQRUGHUWRFKDUDFWHUL]HDQGWRYLVXDOL]HWKHHYROXWLRQVRIWKH
PLFURVWUXFWXUH RIPRUWDU XSRQ WKH DSSOLFDWLRQ RI VKRFNZDYHV 7KHVH UHVXOWV KDYH
4
EHHQGHWDLOHGLQ0DXUHOHWDO,QWKHQH[WVHFWLRQZHZLOOWXUQWRQXPHULFDO
PRGHOOLQJRIWKLVH[SHULPHQWDOVHWXSDQGVWDUWZLWKWKHGHVFULSWLRQRIWKHHOHFWULFDO
GLVFKDUJH DQG WKH VXEVHTXHQW VKRFNZDYH JHQHUDWHG LQ ZDWHU SULRU LW UHDFKHV WKH
VSHFLPHQ










 D E
)LJXUH (YROXWLRQ RI SHUPHDELOLW\ D ZLWK DSSOLHG SUHVVXUH E ZLWK WKH QXPEHU
RIVKRFNVXQGHUDSHDNSUHVVXUHHTXDOWR03D
4XDOLILFDWLRQWKHFRPSXWHUPRGHOWRVLPXODWH3$('
7KH XQGHUZDWHU HOHFWULFDO GLVFKDUJHV LV VLPXODWHG ZLWK WKH GLSKDVLF PRGHO
DYDLODEOH LQ WKHFRGH(8523/(;86/LTXLGZDWHUDQGYDSRXUDUHGHVFULEHGE\D
WZRSKDVH PL[WXUH HDFK SKDVH EHLQJ LQ WKHUPRG\QDPLF HTXLOLEULXP DW WKH VDPH
WHPSHUDWXUHDQGSUHVVXUH2QFHWKHHOHFWULFDOGLVFKDUJHLVGHVFULEHGWKHVKRFNZDYH
WUDYHOVLQWRZDWHUDQGUHDFKHVWKHVROLGVSHFLPHQ7KHHQWLUHVHWXSIOXLGDQGVROLG
LVPRGHOOHGZLWKILQLWHHOHPHQWPHVKHVDQGDQ$/(GHVFULSWLRQLQRUGHUWRDFKLHYHD
SURSHU GHVFULSWLRQRI WKH IOXLG VROLG LQWHUIDFH7KLV SURFHGXUH LV UDWKHU FODVVLFDO LQ
WKHFRGHDQGZHDUHJRLQJWRIRFXVRQWKHGHVFULSWLRQRI3$('LQWKLVVHFWLRQDQG
ODWHURQRQWKHVROLGFRQVWLWXWLYHPRGHOVZKLFKDUHRULJLQDO
'LSKDVLFPRGHOLQ(8523/(;86
7KH G\QDPLF FRPSXWHU FRGH (8523/(;86 KDV EHHQ FRGHYHORSHG E\ &($
&(16DFOD\'07DQG(&-5&,VSUD,6,6VLQFH7KLVFRGHLVEDVHGRQWKH
)LQLWH(OHPHQW0HWKRGDQGXVHVDQH[SOLFLWWLPHLQWHJUDWLRQDOJRULWKP5REEHHWDO
$WHDFKWLPHVWHSWKHFRQVHUYDWLRQRIPDVVWKHFRQVHUYDWLRQRI
HQHUJ\ WKH VWDWH ODZV DQG WKH FRQVHUYDWLRQ RI PRPHQWXP DUH FRPSXWHG
VXFFHVVLYHO\ 7KH WKHUPRG\QDPLF SURSHUWLHV RI OLTXLG DQG YDSRXU IROORZ IURP
WDEXODWHGYDOXHV(DFKILQLWHHOHPHQWKDVDVLQJOHJDXVVSRLQW6HUJXHLHWDO
DWZKLFKWKHVHSURSHUWLHVDUHFDOFXODWHG
5
7KH WKHUPRG\QDPLF SURSHUWLHV RI ZDWHU DUH WDEXODWHG IURP WZR YDULDEOHV WKH
WHPSHUDWXUH DQG WKH SUHVVXUH 7KH OLTXLG DQG YDSRU SKDVHV DUH VHSDUDWHG E\ WKH
VDWXUDWLRQFXUYHGHQRWHGDV6DW37 ZKLFK LV LOOXVWUDWHGLQ)LJXUHD,Q WKH
FDVHRIDOLTXLGYDSRUPL[WXUHWKHVDWXUDWLRQFXUYHLVIROORZHGLHWKHPL[WXUHLVLQ
HTXLOLEULXP LI WKH WKHUPRG\QDPLFYDULDEOHV DUH RQ WKH VDWXUDWLRQ FXUYH /HSDUHX[
7KHPDVVIUDFWLRQRIYDSRXUȤLVGHILQHG/HSDUHX[
F  mg
m
 >@

ZKHUHmg LVWKHPDVVRIYDSRXUDQGPLVWKHWRWDOPDVVRIIOXLGȤFKDUDFWHUL]HVWKH
FRQFHQWUDWLRQRIYDSRU:KHQȤ WKHIOXLGLVYDSRUZKHQȤ WKHIOXLGLVOLTXLG
 

 D E
)LJXUHDVDWXUDWLRQFXUYHEUHFWDQJOHLQWHUSRODWLRQLQWKHZDWHUWDEOHV
WKHQ  Ȥ WKH IOXLG LVGLSKDVLF WKHPDVVYROXPH v DQGPDVVHQWKDOS\ hDUH
JLYHQE\
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YY DQG YK DUHWKHYROXPHDQGPDVVHHQWKDOS\RIYDSRU OY DQG OK DUHWKHYROXPHDQG
PDVVH HQWKDOS\ RI OLTXLG 7R VLPXODWH WKH HOHFWULFDO GLVFKDUJH HOHFWULFDO HQHUJ\ LV
LQMHFWHGORFDOO\LQWRZDWHUDVDIXQFWLRQRIWLPH7KHUHJLRQLQZKLFKWKHHQHUJ\LV
LQMHFWHG LV ORFDWHG EHWZHHQ WKH HOHFWURGHV ,W LV WKH UHJLRQ LQ ZKLFK WKH HOHFWULFDO
GLVFKDUJHRFFXUV7KHWRWDOLQMHFWHGHQHUJ\LQWKLVUHJLRQFDQEHGHILQHGDV
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ZKHUHmec LVWKHPDVVRIZDWHULQWKHHOHPHQWZKHUHWKHHQHUJ\LVLQMHFWHGDVVXPHG
WREHFRQVWDQWGXULQJWKHDSSOLFDWLRQRIHQHUJ\1LVWKHQXPEHURIHOHPHQWVLQWKH
DUHD ZKHUH WKH HQHUJ\ LV DSSOLHG 7KH LQMHFWHG PDVV SRZHU LQ RQH HOHPHQW HT LV
FDOFXODWHGDVIROORZ
 WIT PH u D  >@
)XQFWLRQ WI GHVFULEHV WKH HYROXWLRQ RI HQHUJ\ LQMHFWHG LQ WKH IOXLG GXULQJ WKH
GLVFKDUJH WR EHGHILQHGZLWK WLPH )LJXUH7KH FRHIILFLHQW PD LV GLPHQVLRQOHVV
DQGLVFDOLEUDWHGIURPH[SHULPHQWV

)LJXUH([DPSOHRIHYROXWLRQRILQMHFWHGHQHUJ\ZLWKWLPH
&DOLEUDWLRQRIWKH3$('PRGHO
6HYHUDOH[SHULPHQWVKDYHEHHQFDUULHGRXWZLWKGLIIHUHQWH[SHULPHQWDOFRQGLWLRQV
LQMHFWHGHQHUJ\OHYHOGLVWDQFHEHWZHHQWKHHOHFWURGHVDQGWKHSUHVVXUHWUDQVGXFHU
7KHSUHVVXUHZDYHZDVUHFRUGHGZLWKDG\QDPLFWUDQVGXFHUORFDWHGSHUSHQGLFXODUO\
WRWKHLQWHUHOHFWURGHVSDFH,WLVWKLVSUHVVXUHZDYHZKLFKLVFRPSDUHGWRWKHUHVXOWV
RIFRPSXWDWLRQV
7KHPHVKXVHGLQWKHFRPSXWDWLRQVLVVKRZQLQ)LJXUH,W LVDIXOO(XOHUW\SH
ILQLWHHOHPHQWPHVKZKLFKUHSUHVHQWVWKHIOXLGQHDUE\WKHHOHFWURGHV7KHHQHUJ\LV
LQMHFWHG ORFDOO\ LQ WKH VSKHULFDO UHG ]RQH )LJXUH  WR VLPXODWH WKH HOHFWULFDO
GLVFKDUJH7KHGLDPHWHURIWKLV]RQHLVWKHGLVWDQFHEHWZHHQWKHWZRHOHFWURGHV

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)LJXUH%RXQGDU\FRQGLWLRQDQGWKHQXPHULFDOPHVKRIWKHVLPXODWLRQ
7KHLQMHFWHGHQHUJ\DQGGLVWDQFHEHWZHHQWKHHOHFWURGHVDUHWKHVDPHFRPELQDWLRQ
DVWKRVHXVHGLQWKHH[SHULPHQWDWLRQRQPRUWDU3DUDPHWHUVVXFKDVWKHPHVKGHQVLW\
DQG WKH GDPSLQJ FRQVWDQWV LQ WKH WLPH LQWHJUDWLRQ VFKHPH KDYH DQ LQIOXHQFH RQ WKH
UHVXOWV 7KHVH SDUDPHWHUV KDYH EHHQ VHW FRQVWDQW DIWHU WKH FDOLEUDWLRQ EHWZHHQ WKH
H[SHULPHQWDODQGPHDVXUHGSUHVVXUHSHDNVRQD ILUVWFRQILJXUDWLRQHQHUJ\ N-
GLVWDQFH EHWZHHQ WKH HOHFWURGHV DQG WKH WUDQVGXFHU   FP PHDVXUHG DORQJ WKH
V\PPHWULF ERXQGDU\ LQ )LJXUH  &RPSDULVRQV EHWZHHQ WKH H[SHULPHQWDO DQG
QXPHULFDOUHVXOWVDUHSORWWHGLQ)LJXUHIRUWZRGLIIHUHQWFRQILJXUDWLRQV
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)LJXUH&RPSDULVRQRIWKHH[SHULPHQWDODQGWKHQXPHULFDOSUHVVXUH
/ŶũĞĐƚĞĚĞŶĞƌŐǇ͗ϮϬ:
ŝƐƚĂŶĐĞ͗ϵĐŵ






     
ƚŝŵĞ;ђƐͿ
Wƌ
ĞƐ
ƐƵ
ƌĞ
;D
WĂ
Ϳ
ǆƉĞƌŝŵĞŶƚĂůĐƵƌǀĞ
EƵŵĞƌŝĐĂůĐƵƌǀĞ
/ŶũĞĐƚĞĚĞŶĞƌŐǇ͗ϯϭ͘Ϯϱ:
ŝƐƚĂŶĐĞ͗ϵĐŵ








    
ƚŝŵĞ;ƐͿ
Wƌ
ĞƐ
ƐƵ
ƌĞ
;D
WĂ
Ϳ
([SHULPHQWDOFXUYH
1XPHULFDOFXUYH
]RRP
(QHUJ\LQMHFWHG]RQH
:DWHU
ȡ NJP
,QLWLDOWHPSHUDWXUH
R&
)UHHERXQGDU\
6\PPHWULFERXQGDU\
/RFNHGERXQGDU\
$[LV\PPHWULFERXQGDU\
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 D E
)LJXUHDSURSDJDWLRQRIWKHSUHVVXUHZDYHDWGLIIHUHQWGLVWDQFHGEFRPSDULVRQ
WKHQXPHULFDOSHDNSUHVVXUHVUHODWLYHWRWKHGLVWDQFHGDQGWKHHPSLULFIRUPXODWLRQ
7KH SHDN SUHVVXUH 3 PD\ EH GHWHUPLQHG E\ DQ HPSLULF IRUPXOD SURSRVHG
E\7RX\DHWDODQGREWDLQHGIURPH[SHULPHQWGDWDV
D
%(N3    >@
ZKHUH(% &8%8%WKHEUHDNGRZQYROWDJHYDOXHDQG&LVWKHFDSDFLW\RIWKH
HOHFWULFDOVHWXS7KHSDUDPHWHUVNDQGĮGHSHQGRQWKHLQWHUHOHFWURGHJHRPHWU\DQG
RQ WKH GLVWDQFH G EHWZHHQ WKH SUHVVXUH WUDQVGXFHU DQG WKH SODVPD FKDQQHO 7KH
DPSOLWXGHRIWKHSUHVVXUHZDYHUHGXFHVGXULQJWKHSURSDJDWLRQLQZDWHU)LJXUHD
)LJXUHEVKRZVWKHHYROXWLRQRIWKHSHDNSUHVVXUHVZLWKWKHGLVWDQFHEHWZHHQWKH
HOHFWURGHV DQG WKH SUHVVXUH WUDQVGXFHU 7KH HPSLULF FXUYH ZKLFK LV ILWWHG E\ WKH
HPSLULFDOIRUPXODLQ(TXDWLRQ>@DQGWKHQXPHULFDOUHVXOWVDUHTXLWHFORVHWRHDFK
RWKHU 7KH WUDQVGXFHU FRXOG QRW EH SODFHG WRR FORVH WR WKH HOHFWURGHV EHFDXVH WKH
SUHVVXUHZRXOGGDPDJH LW H[SHULPHQWDO GDWD LQ WKLV UDQJH DUH H[WUDSRODWLRQV IURP
(TXDWLRQ>@7KHWZRFXUYHVDUHLQFUHDVLQJO\FORVHWRHDFKRWKHUDQGVXSHUSRVHIRU
GLVWDQFHVODUJHUWKDQFP
1XPHULFDOPRGHOOLQJRIWKHH[SHULPHQWVRQPRUWDU
7KH HQWLUH H[SHULPHQWDO SURFHVV LV GHVFULEHG QXPHULFDOO\ ZLWK WKUHH PRGHOV
IOXLG DQG VROLG ILQLWH HOHPHQW PHVKHV ZLWK WKH )6$ DOJRULWKP IRU WKH LQWHUIDFH
EHWZHHQ WKH WZR D GLSKDVLF PRGHO IRU ZDWHU DQG WKH ' DQLVRWURSLF PRGHO IRU
PRUWDU7KHDQLVRWURSLFQXPHULFDOSHUPHDELOLW\RIWKHGDPDJHGVSHFLPHQKDVEHHQ
DOVR LQWURGXFHG 7KLV VHFWLRQ GHVFULEHV WKH FRQVWLWXWLYH PRGHOV IRU PRUWDU
&RPSDULVRQVZLWK3$('H[SHULPHQWVDUHGLVFXVVHG
/ŶũĞĐƚĞĚĞŶĞƌŐǇ͗ϲϬϬ͘ϲϮϱ:









       
ŝƐƚĂŶĐĞ;ĐŵͿ
Wƌ
ĞƐ
ƐƵ
ƌĞ
;D
WĂ
Ϳ
EƵŵĞƌŝĐĂůĐƵƌǀĞ
ŵƉŝƌŝĐĐƵƌǀĞ
/ŶũĞĐƚĞĚĞŶĞƌŐǇ͗ϲϬϬ͘ϲϮϱ:









( ( ( ( ( (
ƚŝŵĞ;ƐͿ
Wƌ
ĞƐ
ƐƵ
ƌĞ
;D
WĂ
Ϳ
ĞŶƚƌĞ
ϭ͘ϱĐŵ
ϯĐŵ ϲĐŵ ϵĐŵ ϭϮĐŵ ϭϱĐŵ
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$QLVRWURSLFUDWHGHSHQGHQWGDPDJHPRGHO
7KHPRGHOLVEDVHGRQWKHUDWHLQGHSHQGHQWDQLVRWURSLFGDPDJHPRGHOSURSRVHG
E\'HVPRUDWHWDO7KHPRGHO LQWURGXFHVDQHIIHFWLYHVWUHVVGHQRWHGDVVa 
GHILQHGE\
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ZKHUHV LVWKHVWUHVVWHQVRUVD LVWKHGHYLDWRULFVWUHVV'LVDVHFRQGRUGHUGDPDJH
WHQVRUWU;LVWKHILUVWLQYDULDQWRIWHQVRU;DQG x  LVWKHSRVLWLYHSDUWRIVFDODU[
7KHUHODWLRQVKLSEHWZHHQWKHHIIHFWLYHVWUHVVDQGWKHHODVWLFVWUDLQH LVWKHFODVVLFDO
HODVWLFLW\LVRWURSLFUHODWLRQVKLS
,WU(( 
aa VQVQH   >@
ZKHUH(  LV WKH<RXQJ¶VPRGXOXVRIWKHPDWHULDOQ LV WKH3RLVVRQ¶VUDWLRDQG I LV
WKH VHFRQG RUGHU LGHQWLW\ WHQVRU 7KH JURZWK RI GDPDJH LV GHILQHG E\ D GDPDJH
FULWHULRQ
    

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U
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HH ZLWK      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>@
˰   0SD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
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0RGHO
0D]DUV
0RGHO






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
)LJXUHDHODVWLFLW\OLPLWVXUIDFHEVWUHVVVWUDLQFXUYHVIRUFRQFUHWHDWGLIIHUHQW
ORDGLQJUDWHV
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3DUDPHWHUVİUDQGNDUHPDWHULDOSDUDPHWHUVZKLFKUHSUHVHQWVWKHHODVWLFLW\OLPLW
DQGIUDFWXUHVWUDLQV LQ WHQVLRQ7KHSDUDPHWHUD LVXVHG WRDGMXVW WKHUDWLREHWZHHQ
WKH WHQVLOH DQG FRPSUHVVLYH VWUHQJWK $Q H[DPSOH RI HODVWLFLW\ OLPLW VXUIDFH LV
SORWWHGDW)LJXUHD
:KHQ I   HODVWLFLW\ LV XVHG WKH HIIHFWLYH VWUHVV LV FRPSXWHG DFFRUGLQJ WR
(TXDWLRQ >@ DQG LQVHUWHG LQWR (TXDWLRQ >@ 7KH FRQGLWLRQ I !  FRUUHVSRQGV WR
GDPDJHJURZWK,QWKLVFDVHWKHUDWHGHSHQGHQWGDPDJHODZSURSRVHGE\'XEpHWDO
LVXVHGIRUHDFKSULQFLSDOYDOXHRIGDPDJH


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0 DQG Q DUH WKH PRGHO SDUDPHWHUV WKDW FRQWURO WKH UDWH GHSHQGHQW HIIHFW RQ
GDPDJH JURZWK $Q H[DPSOH RI PRQRWRQLF VWUHVVVWUDLQ UHODWLRQ IRU FRQFUHWH LQ
WHQVLRQ DW GLIIHUHQW ORDGLQJ UDWHV LV SORWWHG LQ )LJXUHE7KHPDWHULDO SDUDPHWHUV
GHVFULELQJTXDVLVWDWLFEHKDYLRXURIFRQFUHWHDUH( *3DȞ N 
İU *I -P7KHVWUHVVVWUDLQGLDJUDPLQXQLD[LDOWHQVLRQLVDGMXVWHGLQ
RUGHU WRNHHS WKLV IUDFWXUH HQHUJ\ FRQVWDQW XSRQ VWUDLQ DQGGDPDJH ORFDOLVDWLRQ LQ
VWDWLFVZKDWHYHUWKHHOHPHQWVL]H7KLVLVWKHFODVVLFDO+LOOHUERUJW\SHUHJXODULVDWLRQ
VFKHPH7KHYLVFRXVSDUDPHWHUVDUH0 DQGQ 
7KHIUDFWXUHHQHUJ\*ILVJLYHQLQVWDWLFFRQGLWLRQVE\
³f 

HVGK
*I  >@
ZLWKKWKHHOHPHQWVL]H%\FRPELQLQJ(TXDWLRQ>@(TXDWLRQ>@DQG(TXDWLRQ>@
ZLWK
N
HM U WKHIUDFWXUHHQHUJ\*ILVH[SUHVVHGDVIROORZV
 


ORJ
 


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*I  >@
6LPXODWLRQRIWKHH[SHULPHQW
7KH)LQLWH(OHPHQWPHVKXVHGLVVKRZQLQ)LJXUH$TXDUWHURIWKHVSHFLPHQ
ZDV PHVKHG XVLQJ V\PPHWU\ FRQGLWLRQV LQ RUGHU WR UHGXFH WKH FRPSXWDWLRQ WLPH
7KH WDQN DQG VSHFLPHQ GLPHQVLRQV DUH SURYLGHG LQ )LJXUH  7KH PHFKDQLFDO
SURSHUWLHVRIPRUWDUDUHOLVWHGLQ7DEOH


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)LJXUH)LQLWHHOHPHQWPHVKRIWKHVLPXODWLRQ
'LVWULEXWLRQVRIGDPDJH
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 E F G H
)LJXUH  5DGLDO GDPDJH DW GLIIHUHQW SUHVVXUH OHYHOV LQ VSHFLPHQ D 03D
E03DF03DG03DH03D





  


 D E F G H

)LJXUH7DQJHQWLDOGDPDJHDWGLIIHUHQWSUHVVXUHOHYHOVLQVSHFLPHQD03D
E03DF03DG03DH03D
7KHFRPSUHVVLYHSUHVVXUHZDYHLVDSSOLHGWRWKH WRSIDFHRIWKHVSHFLPHQ7KH
VSHFLPHQ LV GDPDJHGGXH WR H[WHQVLRQV LQGXFHGE\ WKH3RLVVRQ HIIHFW+HQFH WKH
SULQFLSDO GLUHFWLRQV RI GDPDJH DUH LQ D SODQH SHUSHQGLFXODU WR WKH ORQJLWXGLQDO
6\PPHWU\ERXQGDU\
)UHHERXQGDU\
%ORFNHGERXQGDU\
6SHFLPHQPRUWDU
=RQHZKHUHHQHUJ\LVLQMHFWHG
:DWHU
7LQLWLDO&
3LQLWLDOEDU
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ORDGLQJGLUHFWLRQ5DGLDOWDQJHQWLDODQGYHUWLFDOGDPDJHDWGLIIHUHQWSUHVVXUHOHYHOV
DUHSUHVHQWHGLQ)LJXUHV'DPDJHHYROYHVZLWKWKHSHDNSUHVVXUH7KHUDGLDO
DQGRUWKRUDGLDOGDPDJHYDOXHVDUHJUHDWHU WKDQYHUWLFDOGDPDJHZKLFK LV UHODWHG WR
WKH3RLVVRQHIIHFWDVLQWKHDERYHGHVFULSWLRQ






 D E F G H
)LJXUH 9HUWLFDO GDPDJH DW GLIIHUHQW SUHVVXUH OHYHOV LQ VSHFLPHQ D 03D
E03DF03DG03DH03D
)LJXUH  SUHVHQWV WKH FRPSDULVRQ EHWZHHQ ;5D\ WRPRJUDSK\ VFDQV DQG WKH
YDOXHRISULQFLSDOQXPHULFDOGDPDJHZKLFKLV WKHVDPHLQDSODQHSHUSHQGLFXODUWR
WKHGLUHFWLRQRI ORDGLQJ ,Q WKH;5D\VFDQV WKHKLJKHU WKHGHQVLW\ WKHGDUNHU WKH
FRORXU,Q)LJXUHEGDPDJHDSSHDUVV\PPHWULFDOO\DWWKHWRSSDUWRIWKHVSHFLPHQ
ZKLFKFRUUHVSRQGVWRWKHHYROXWLRQRIPLFURFUDFNLQJDW)LJXUHD








  
)LJXUHDYHUWLFDOFURVVWRPRJUDSK\VFDQVRIVSHFLPHQVXEPLWWHGWRRQHVKRFN
XQGHU03DESULQFLSDOGDPDJHRIVSHFLPHQXQGHU03D
(YROXWLRQRISHUPHDELOLW\
7KHFRUUHODWLRQEHWZHHQWKHPDWHULDOLQWULQVLFSHUPHDELOLW\DQGVFDODUGDPDJHKDV
EHHQ UHSRUWHG LQ VHYHUDO ZRUNV VHH HJ 3LFDQGHW HW DO  RU &KRLQVND HW DO
 ,Q WKH IUDPHZRUN RI DQLVRWURSLF GDPDJH WKH FRUUHODWLRQ QHHGV WR EH
UHFRQVLGHUHG DV GLUHFWLRQDO HIIHFW VKRXOG EH LQFOXGHG LQ WKH IRUPXODWLRQ ,Q WKH
FRRUGLQDWHV\VWHPFRUUHVSRQGLQJWRWKHSULQFLSDOD[HVRIGDPDJHGDPDJHJURZWKLQ
RQHGLUHFWLRQJHQHUDWHVDQLQFUHDVHRISHUPHDELOLW\LQWKHWZRSHUSHQGLFXODUGLUHFWLRQV
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+HQFH WKH SHUPHDELOLW\ LQ RQH GLUHFWLRQ FRUUHVSRQGV WR FRQWULEXWLRQV RI WKH WZR
RUWKRJRQDO SULQFLSDO YDOXHV RI GDPDJH ,Q WKH SUHVHQW VWXG\ ZH FRQVLGHU WKDW WKH
UHODWLRQVKLS EHWZHHQ SULQFLSDO GDPDJH DQG SHUPHDELOLW\ LV XQLTXH DQG WKDW LQ RQH
GLUHFWLRQFRUUHVSRQGLQJWRDJLYHQSULQFLSDOGLUHFWLRQRIGDPDJHWKHSHUPHDELOLW\LV
WKH PD[LPXP EHWZHHQ WKH WZR SHUPHDELOLWLHV FRPSXWHG DFFRUGLQJ WR WKH WZR
RUWKRJRQDO SULQFLSDO GDPDJH YDOXHV 7KH UHODWLRQVKLS EHWZHHQ SHUPHDELOLW\ DQG
GDPDJHLVWKHRQHXVHGE\-DVRQHWDO
  
LI
LI




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ZKHUH K0 LV WKH SHUPHDELOLW\ RI WKH XQGDPDJHG PDWHULDO D0 LV WKH WKUHVKROG RI
GDPDJH DERYHZKLFK SHUPHDELOLW\ VWDUWV WR JURZ DQG& LV DPRGHO SDUDPHWHU 7KH
YDOXHVRIPRGHOSDUDPHWHUV&DQG'ZHUHDGRSWHGDFFRUGLQJWR-DVRQHWDO
6DPH DV LQ WKH H[SHULPHQWDO PHDVXUHPHQW RI SHUPHDELOLW\ WR QLWURJHQ WKH
FDOFXODWLRQ RI DQ DSSDUHQW SHUPHDELOLW\ ZDV FDUULHG RXW RQ F\OLQGULFDO VSHFLPHQV
PPGLDPHWHUDQGPPKHLJKWVDZQIURPWHVWHGPRUWDUVF\OLQGHUV)LJXUH
VKRZV WKH YDULDWLRQV RI SHUPHDELOLW\ DFFRUGLQJ WR WKH QXPHULFDO DQG H[SHULPHQWDO
UHVXOWV 7KH JRRG FRUUHODWLRQ UHVXOWV IURP WKH ILW EHWZHHQ WKH H[SHULPHQWDO DQG
QXPHULFDOUHVXOWV









)LJXUH  &RPSDULVRQ RI WKH H[SHULPHQWDO DQG WKH QXPHULFDO SHUPHDELOLW\
DVDIXQFWLRQRIWKHDPSOLWXGHRIWKHSUHVVXUHZDYH
&RQFOXVLRQ
7KLVSDSHUGHDOVZLWKWKHGHYHORSPHQWRIDFRPSXWDWLRQDOPRGHOIRUWKHVLPXODWLRQ
RIWKHH[SHULPHQWVUHSRUWHGHDUOLHUE\0DXUHOHWDORQWKHHIIHFWRI3$('RQ
GDPDJHDQGSHUPHDELOLW\RIPRUWDUVSHFLPHQV7KHFRPSXWDWLRQDOPRGHOLPSOHPHQWHG
LQWKH(8523/(;86VRIWZDUHLVEDVHGRQDGLSKDVLFGHVFULSWLRQRIZDWHULQZKLFK
WKHHOHFWULFDOGLVFKDUJHLVPRGHOOHGE\DQLQFUHDVHRIHQHUJ\LQDVPDOOUHJLRQEHWZHHQ
( 
( 
( 
( 
      
3U HVVXU H  03D
3HU
PHD
ELO
LW\
P
t ([SHU L PHQW DO  FXU YH
1XPHU L FDO  FXU YH
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WKH HOHFWURGHV7KH FRPSXWDWLRQDOPRGHO GHVFULELQJ WKHPHFKDQLFDO HIIHFW RI3$('
KDVEHHQFDOLEUDWHGIURPVHSDUDWHH[SHULPHQWVXVLQJWKHVDPHVHWXS
0RUWDU LV PRGHOOHG ZLWK DQ DQLVRWURSLF UDWH GHSHQGHQW GDPDJH FRQVWLWXWLYH
UHODWLRQWKDWDFFRXQWIRUFUDFNFORVXUH7KHJURZWKRISHUPHDELOLW\GXHWRDQLVRWURSLF
GDPDJH LV DOVR LQWURGXFHG ,W LV REVHUYHG QXPHULFDOO\ WKDW GDPDJH HYROYHVZLWK WKH
DPSOLWXGH RI WKH VKRFN ZDYHV 7KH FRPSXWDWLRQDO UHVXOWV DUH FRQVLVWHQW ZLWK
H[SHULPHQWDOGDWDREWDLQHGE\;5D\VFDQV7KHHYROXWLRQRIDSSDUHQWSHUPHDELOLW\RI
PRUWDUVSHFLPHQLVDOVRFRQVLVWHQWZLWKWKHH[SHULPHQWDOREVHUYDWLRQV
$FNQRZOHGJHPHQW
)LQDQFLDO VXSSRUW IURP 7RWDO ([SORUDWLRQ 3URGXFWLRQ ZLWKLQ WKH 7LJKW *DV
5HVHUYRLU3URMHFWLVJUDWHIXOO\DFNQRZOHGJHG
5HIHUHQFHV
$EUDPV'$ ³(IIHFW RI UDWHRI DSSOLFDWLRQ ORDGRQ WKH FRPSUHVVLYH VWUHQJWKRI FRQFUHWH´
3URFHHGLQJV$6703DUWS
%LUNLPHU'//LQGHPDQQ5³'\QDPLFWHQVLOHVWUHQJWKRIFRQFUHWHPDWHULDOV´$&,-RXUQDO
3URFHHGLQJVS
&KRLQVND0.KHOLGM$&KDW]LJHRUJLRX*3LMDXGLHU&DERW*³(IIHFWVDQGLQWHUDFWLRQVRI
WHPSHUDWXUH DQG VWUHVVOHYHO UHODWHG GDPDJH RQ SHUPHDELOLW\ RI FRQFUHWH´&HPHQW DQG
&RQFUHWH5HVHDUFKYROS
&DVDGHL)3RWDSRY6 ³3HUPDQDQW IOXLGVWUXFWXUH LQWHUDFWLRQZLWKQRQFRQIRUPLQJ LQWHUIDFHV
LQ IDVW WUDQVLHQW G\QDPLFV´ &RPSXW 0HWKRGV $SSO 0HFK (QJUJ YRO 
S
&DVDGHL ) ³)DVW WUDQVLHQW IOXLGVWUXFWXUH LQWHUDFWLRQ ZLWK IDLOXUH DQG IUDJPHQWDWLRQ´
WK:RUOG &RQJUHVV RQ FRPSXWDWLRQDO PHFKDQLFV :&&0 WK (XURSHDQ FRQJUHVV RQ
FRPSXWDWLRQDOPHWKRGVLQDSSOLHGVFLHQFHVDQGHQJLQHHULQJ(&&20$6-XQH
-XO\9HQLFH,WDO\
&DR - &KXQJ ''/ ³'HIHFW G\QDPLFV DQG GDPDJH RI FRQFUHWH XQGHU UHSHDWHG
FRPSUHVVLRQ VWXGLHG E\ HOHFWULFDO UHVLVWDQFH PHDVXUHPHQW´ &HPHQW DQG &RQFUHWH
5HVHDUFKYRODS
&DR - &KXQJ ''/ ³0LQRU GDPDJH RI FHPHQW PRUWDU GXULQJ F\FOLF FRPSUHVVLRQ
PRQLWRUHG E\ HOHFWULFDO UHVLVWLYLW\ PHDVXUHPHQW´ &HPHQW DQG &RQFUHWH 5HVHDUFK
YROES
&KDPEDUW0(QGRPPDJHPHQWDQLVRWURSHHWFRPSRUWHPHQWG\QDPLTXHGHVVWUXFWXUHVHQEpWRQ
DUPpMXVTX¶jODUXLQH7KqVHGHGRFWRUDWGHO¶pFROHQRUPDOHVXSpULHXUHGH&DFKDQ
'HVPRUDW 5*DWXLQJW ) 5DJXHQHDX ) ³1RQORFDO DQLVRWURSLF GDPDJHPRGHO DQG UHODWHG
FRPSXWDWLRQDO DVSHFWV IRU TXDVLEULWWOH PDWHULDOV´ (QJLQHHULQJ )UDFWXUH 0HFKDQLFV
YROS
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'XEp-)3LMDXGLHUFDERW*/DERUGHULH&³$UDWHGHSHQGHQWGDPDJHPRGHOIRUFRQFUHWHLQ
G\QDPLFV´-RI(QJUJ0HFK$6&(YROS
*DWXLQJW)3LMDXGLHU&DERW*³&RXSOHGGDPDJHDQGSODVWLFLW\PRGHOOLQJLQWUDQVLHQWG\QDPLF
DQDO\VLVRIFRQFUHWH´,QW-1XP$QDO0HWK,Q*HRPHFKDQLFVYROS
+HDUQ 1 /RN % ³0HDVXUHPHQW RI SHUPHDELOLW\ XQGHU XQLD[LDO FRPSUHVVLRQ ± $ WHVW
PHWKRG´$&,0DWHU-YROQS
-DVRQ / 3LMDXGLHUFDERW * *KDYDPLDQ 6 +XHUWD $ ³+\GUDXOLF EHKDYLRXU RI D
UHSUHVHQWDWLYHVWUXFWXUDOYROXPHIRUFRQWDLQPHQWEXLOGLQJV´1XFOHDU(QJUJDQG'HVLJQ
YROS
.HUPDQL$³3HUPHDELOLW\RIVWUHVVHGFRQFUHWH´%XLOG5HV,QIYROQS
/HSDUHX[03URJUDPPH3/(;86PDWpULDXHDXPRGqOHKRPRJqQHpTXLOLEUH5DSSRUW'07

/HSDUHX[0³([SORVLRQVGHVPpODQJHVGHIOXLGHV´&RXUV,36,
0DXUHO25HHVV70DWDOODK0'H)HUURQ$&KHQ:/D%RUGHULH&3LMDXGLHU&DERW
*-DFTXHV$5H\%HWKEHGHU)³(OHFWURK\GUDXOLFVKRFNZDYHJHQHUDWLRQDVDPHDQVWR
LQFUHDVHLQWULQVLFSHUPHDELOLW\RIPRUWDU´&HPHQWDQG&RQFUHWH5HVHDUFKYRO
S
3RWDSRY6*DORQ3³0RGHOOLQJRI$TXLWDLQH,,SLSHZKLSSLQJWHVWZLWKWKH(8523/(;86
IDVWG\QDPLFVFRGH´1XFOHDU(QJLQHHULQJDQG'HVLJQS
3HGHUVHQ556LPRQH$6OX\V/- ³$QDQDO\VLV RI G\QDPLF IUDFWXUH LQ FRQFUHWHZLWK D
FRQWLQXXPYLVFRHODVWLF YLVFRSODVWLFGDPDJHPRGHO´(QJLQHHULQJ)UDFWXUH0HFKDQLFV
S
3LFDQGHW9.KHOLGM$%DVWLDQ*³(IIHFWRID[LDOFRPSUHVVLYHGDPDJHRQJDVSHUPHDELOLW\
RI RUGLQDU\ DQG KLJKSHUIRUPDQFH FRQFUHWH³&HPHQW DQG &RQFUHWH 5HVHDUFK YRO 
S
5REEH0)/HSDUHX[0&DULRX<³1XPHULFDOLQWHUSUHWDWLRQRIWKH0$5$H[SHULPHQW
VLPXODWLQJ D K\SRWKHWLFDO FRUH GLVUXSWLYH DFFLGHQW´1XFOHDU (QJLQHHULQJ DQG 'HVLJQ
YROS
5REEH 0) &DVDGHL ) ³&RPSDULVRQ RI YDULRXV PRGHOV IRU WKH VLPXODWLRQ RI D &RUH
'LVUXSWLYH $FFLGHQW LQ WKH 0$5$  PRFNXS´ 1XFOHDU (QJLQHHULQJ DQG 'HVLJQ
YROS
5REEH0)/HSDUHX[06HLQWXULHU( ³&RPSXWDWLRQRI D FRUHGLVUXSWLYHDFFLGHQW LQ WKH
0$56PRFNXS´1XFOHDU(QJLQHHULQJDQG'HVLJQYROS
7RX\D*³&RQWULEXWLRQj O
pWXGHH[SpULPHQWDOHGHVGpFKDUJHVpOHFWULTXHVGDQV O
HDXHWGHV
RQGHV GH SUHVVLRQ DVVRFLpHV 5pDOLVDWLRQ G
XQ SURWRW\SH LQGXVWULHO GH N- 3285 OH
WUDLWHPHQWGHGpFKHWVSDUSXLVVDQFHVpOHFWULTXHVSXOVpHV´7KqVHGHO
8QLYHUVLWpGH3DXHW
GHV3D\VGHO¶$GRXU)UDQFH
7RX\D * 5HHVV 7 3pFDVWDLQJ / *LEHUW $ 'RPHQV 3 ³'HYHORSPHQW RI VXEVRQLF
HOHFWULFDO GLVFKDUJHV LQ ZDWHU DQG PHDVXUHPHQWV RI WKH DVVRFLDWHG SUHVVXUH ZDYHV´
-RXUQDORI3K\VLFV$SSOLHG3K\VLFVS
16
